Abstract
• Introduction
), due to its delocalized structure ( Fig. 2A  and B) . Furthermore, vitamin C can also neutralize the radical form of other antioxidants such as glutathione radical and vitamin E radical, and regenerate these antioxidants (Fig. 2C ). Vitamin C itself is readily regenerated from Asc Ϫ• with NADH or NADPHdependent reductases [7] . Many antioxidants may directly react with ROS and/or free radical intermediates induced by ROS and terminate the chain reaction, thereby stopping the ROS-induced damage [8] . [10] . These antioxidants may help to protect cellular damages from oxidative stress and also lower the risk of chronic diseases. For example, ginseng contains steroid-like compounds, ginsenosides, which show antioxidant activities against free radical damage on the vascular endothelium [11] . Ginkgo has been reported to have strong antioxidant activities due to flavone glycosides that scavenge free radicals [8] . Flavonoids such as catechin and epicatechin in green tea and grape seed extracts could be responsible for their potent antioxidant activities [10, 12] . [13, 14] . These [10, 12, 15, 16] . Many 
Small molecules such as vitamin C, vitamin E, uric acid and glutathione play important roles as cellular antioxidants. Synthetic antioxidants such as tert-butylhydroxyl-toluene, tert-butylhydroxyanisole and tert-butylhydroquinone have been widely used in the food industry to retard lipid oxidation. However, such synthetic antioxidants are not preferred for pharmacologic use due to toxicological concerns. Thus, more and more interests have focused on identifying plant extracts to use as dietary antioxidant supplements [9]. Most of these natural antioxidants come from fruits, vegetables, spices, grains and herbs such as ginseng, curcuma, ginkgo, rosemary, green tea, grape, ginger and garlic. They contain a wide variety of antioxidant compounds, such as phenolics (phenol and polyphenols), flavonoids, carotenoids, steroids and thiol compounds

Another important function of antioxidants is to regulate ROSrelated enzymes. Antioxidants may decrease the cellular level of free radicals either by inhibiting the activities or expressions of free radical generating enzymes such as NAD(P)H oxidase and xanthine oxidase (XO) or by enhancing the activities and expressions of antioxidant enzymes such as superoxide dismutase (SOD), catalase (CAT) and glutathione peroxidase (GPX)
Free radical scavenging
Searching and identifying natural and safe antioxidants, especially of plant origin, have been notably increased in recent years [26, 27] [36, 37, 52] .
Another method uses a spin-trapping agent 5,5-dimethyl-1-pyrroline-N-oxide (DMPO) to trap the generated ·OH radical [53] . [53] .
DMPO reacts with ·OH to form a DMPO-OH radical, which can be monitored by EPR spectrum. Comparison of the EPR intensities of DMPO-OH radical in the absence and presence of antioxidants can measure the radical scavenging ability of the antioxidants. For example, Kang et al. studied the ·OH scavenging activity of ginsenosides
Stable radical scavenging
The interaction between free radicals (such as O2 
Diram et al. [30] and Ak et al. [28] generating NADPH oxidase have been described [73] . Treatment with an XO inhibitor largely prevents the development of endothelial dysfunction and atherosclerosis in mice [74, 75] . Searching for new inhibitors has not stopped and many natural antioxidants have shown great potential to inhibit these enzymes [34, 74, [76] [77] [78] [79] [80] [81] . Coumarins acting to inhibit XO enzyme activity and scavenge free radical has been reported [74] (Fig. 11) 
Inhibition of XO enzyme activity has also been studied in both cell-free and cell systems. Allopurinol, a potent inhibitor of XO, is clinically used for the treatment for gout by preventing urate from accumulating in joints. Natural polyphenols coumarin (known as 1,2-benzopyrone), consisting of fused benzene and pyrone rings, is an important group of low-molecular weight phenolics and has been widely used for the prevention and treatment of venous thromboembolism, myocardial infarction and strokes
. The XO enzyme activity can be measured spectrophotometrically by continuously measuring uric acid formation at 295 nm with xanthine as the substrate. The assay is initiated by adding the enzyme to the reaction mixture containing xanthine, EDTA and 3-(cyclohexylamino)-1-propanesulfonic acid, without or with inhibitors at 37ЊC. The extent of inhibition is expressed as the chemical concentration required to inhibit 50% of the enzyme activity (IC50). The XO enzyme activity is also assayed with XO assay kit (Cayman Chemical Co., Ann Arbor, MI, USA), based on multistep enzymatic reactions in which XO first produces H2O2 during oxidation of hypoxanthine. In the presence of horseradish peroxidase, the H2O2 reacts with ADHP (10-acetyl-3,7-dihydroxyphenoxazine) to produce the highly fluorescent compound resorufin which can be easily analysed at 563 nm (excitation) / 587 nm (emission)
Activation of internal antioxidant enzymes
During metabolism, ROS such as H2O2, O2 Ϫ• and ·OH, etc, are produced irreversibly [82] . Thus, methods to reduce the damage induced by oxidative stress are extensively investigated.
Intracellular antioxidant enzymes are an important protective mechanism against ROS. These enzymes are produced in the cell and provide an important defence against free radicals. SOD, CAT, GPX, glutathione reductase (GRd), glutathione S-transferase (GST), thioredoxin reductase (TrxR), heme oxygenase and biliverdin reductase are the most important antioxidant enzymes. The enzyme SOD converts two O2 Ϫ• into a H2O2 and an oxygen molecule (Eqs 3 and 4)
.
where M ϭ Cu (n ϭ 1), Mn (n ϭ 2), Fe (n ϭ 2) and Ni (n ϭ 2).
In this reaction, the oxidation state of the metal ion oscillates between n and nϩ1. SOD is an important antioxidant defense in nearly all cells exposed to oxygen. Meanwhile CAT and/or GPX can eliminate H2O2 before the Fenton Reaction can create ·OH (Eqs 5 and 6).
H2O2
CAT [14] . The brain, which is very vulnerable to free radical damage, has seven times more GPX activity than CAT activity [84] and could stimulate the intracellular antioxidant system to resist oxidant-induced injury [14] . Resveratrol, however, either has no effect on, or reduces the activities of GPX, CAT and CuZnSOD, while it dramatically and progressively induces mitochondrial MnSOD expression and activity [86] [87] [88] [89] . In addition, SeMet is able to directly interact with some oxidant molecules or oxidant generating ions [63, 90, 91] .
where GSH represents reduced glutathione, and GS-SG represents glutathione disulphide. GRd then reduces the oxidized glutathione (GS-SG) to complete the cycle (Eq. 7).
GS-SG
ϩ NADPH ϩ H ϩ GRd ---Ͼ 2 GSH ϩ NADP ϩ(7)
Both GST and GPX are involved in eliminating peroxides that are formed during metabolism. GRd regulates the equivalent of GSH and oxidized glutathione (GSSG), and the ratio of GSH/GSSG is a well known index of oxidative stress [83]. The activation of GRd plays an important role in elevating the concentration of GSH, which maintains the oxido-redox status in the organism
The GPX and GRd activity can be determined spectrophotometrically according to the method described by Shih et al. [14] . [92] . [79, 92] [5, 6, 83, 106] . As reviewed by Chauhan [106] , several studies have observed patients with autism showed decreased activity of GPX in plasma and in erythrocytes, reduced levels of total glutathione and lower redox ratio of GSH to GSSG in plasma, and decreased CAT and SOD activity in erythrocytes.
TrxR is first reduced with NADPH in a Tris-Cl/EDTA (TE) buffer, and incubated with curcumin at room temperature. The enzyme activity assay is based on the reduction of DTNB (5,5Ј-dithiobis[2-nitrobenzoic acid]) with NADPH to 5-thio-2-nitrobenzoic acid (TNB) which produces a yellow product that is measured at 405-414 nm with spectrophotometer
Natural substances may directly influence the activities of these enzymes [107] . For example, a clinical trial reported that both red grape juice and vitamin E reduced plasma concentrations of oxidized LDL and ex vivo neutrophil NADPH oxidase activity, indicating that natural antioxidants are potential inhibitors of NADPH oxidase. This may favour a reduction in cardiovascular risk [72] . However, detail mechanisms in this important aspect are largely unknown. (Fig. 12) [108] . Radical (Fig. 12) . These are the major products in the absence of antioxidants and show characteristic ultraviolet absorption at 235 nm that can be used to monitor the formation of the total hydroperoxides during the peroxidation after separation of the reaction mixture by HPLC [114] . In some studies [ [27, 32, 62, 66, 91, 126] . A typical research model of DNA damage caused by Cu ϩ induced ·OH has been developed [62, 63] . Briefly, [142, 143] , N-acetylcysteine [144] , cefalosporins [145] and histamine H2 antagonists [146] (Fig. 14) . By following the decrease of absorbance at 412 nm, the HOCl scavenging activity is measured [37, 148] .
Prevention of lipid peroxidation
Lipid peroxidation refers to the oxidative deterioration of lipids containing any number of carbon-carbon double bonds, such as unsaturated fatty acids, phospholipids, glycolipids, cholesterol esters and cholesterol itself. ROS attack the unsaturated fatty acids which contain multiple double bonds and the methylene -CH2-groups with especially reactive hydrogen atoms, and initiate the radical peroxidation chain reactions
Conclusions
Oxidative 
